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ABSTRACT 


The skull of Onychodactylus japonicus shows neotenic features especially in 
the retention of a small cartilaginous rod between the tips of the premaxillaries 
and the persistence of the cranial chorda. 
fenestra is present. 


synostotically with the sduamosal. 'The skull is monimostylic. 


An inconspicious anterior basicranial 
In some places the well-developed dauadratojugal fuses 


Conptributions to the Cranial Morphology 
of the 


Asiatic Urodele Onychodactylus . japonicus 
(Houttuijn) 


INTRODUCTION 


HE species at present known as Onychodactylus japonicus was first described 
by Houttuijn, 1789* as Salamandra japonica. n 1838* Tschudi placed it in 
: new genus, Onyehodactyuis, unfortunately, he applied the specific name 
schlegeli to it. Bonaparte (1939) recognised the validity of the new genus as 
well as the identity of the species with the specimen originally described by 
Houttuijn. He was the first who correctly named it Onychodactylus japonieus. 

Stejneger (1907) places Gnycnodactylus under the family Ambystomidae, but 
according to Nobie (1931) th: Asiatic land salamanders differ from the former 
in retaining certain primitive characteristics. He therefore places Onychodactylus 
under the family Hynobiidae of the sub-order Cryptobranchoidea. 

Various authors whose names are mentioned in the text have dealt with 
certain aspects of the structure and development of the skull of Onychodactylus, 
and the present paper is an attempt at a more detailed description of the mIiero- 
anatomy of the adult skull. $ 

The present species is confined to Japan proper. 


MATERIAL AND TECHNIGUE 

The material for the investigation consisted of an adult female and an adult 
male specimen measuring from the vent to the tip of the snout 67 mm. and 66 mm. 
respectively. Both specimens weré obtained from the Shibayama Natural Science 
Laboratory, Japan, and were prepared for microtomy in the usual way, bulk- 
stained in Borax Carmine and the sections, cut at a thickness of 14u, counter- 
stained in Azan solution. 

1 also examined a series of sagittal sections kindly placed at my disposal 
by my co-worker, Mr. Matthews. 

Graphic reconstructions were made with the aid of the projection of drawings 
onto graph paper ruled in millimetres. 


*) Not seen in the original. 


THE OLFACTORY CAPSULE 


The fenestra dorsalis nasi, situated in the roof of the olfactory capsule, is 
covered by the nasal, prefrontal, frontal and a part of the lacrimal ie d). re 
is bordered antero-laterally by the cartilago obligua, postero-laterally by the 
planum conchale, posteriorly by the Cartilago antorbitalis and medially by the 
dorsal arch of the trabecula or columella ethmoidalis (Higgins). Anterior to 
the fenestra dorsalis nasi the nasal Capsule is more or less dome-shaped, forming 
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Figure 1 


Graphic reconstruction of skull X€ Approx. 12. Dorsal view. 


C.A-OR., cartilago antorbitalis: C.CUP., cartilago cupolaris: GINF N # 
Tina; COBL, cartilago obligua; ORTNAR, cartilago retronbring; Eie lege mad 
FEN.D-NAS, fenestra dorsalis nasi; FEN.NAR., fenestra narina- OO. Toames Ed 
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the anterior wall known as the cartilago cupolaris. 'The dorso-medial side of 
the nasal capsule is formed by the dorsal arch of the trabecula (Francis, 1934). 


'The processus praenalasis superior medius (the rostrum praenasale of Parker) 
is broad and projects forwards from the tectum internasale; it is bent down- 
wards slightly, thus covering the anterior part of the cavum internasale (fig. 2). 
On either side its dorso-lateral edge is covered by the two anteriorly projecting 
tips of each nasal and by the pars praenasalis of the premasxillary. 

Tn the vicinity of the junction of the processus praenasalis superior medius 
and the cartilago cupolaris another small process protrudes from the nasal 
capsule; this processus praenasalis inferior 1ateralis points in an antero-medial 
direction, its anterior part fitting in a small cavity in the dorsal surface of the 
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Figure 2 
Graphic reconstruction of skull X approx. 12. Ventral view 


IN.N., cavum internasale; C.PROUO, cartilago prootico-oeeipitalis; FEN.BC.A,, 
EE N iese anterior; FEN.BC.P, fenestra basicranialis posterior; FEN.B.NAS,, 
fenestra bagsalis nasi; INS.EC.COH.. incisura ectochoanalis; PLIN.N. Dlanum internasale; 
PROGC.BAS., processus basalis; PROGO.OT. proeessus oticus; P.SPH,, parasphenoid; EE 
duadratojfugal; SRY PALPR, Seydel's palatal process; STAP., stapes; ST.COL, stylus 
columellae; VOM., vomer. For other references, see previous figure. 
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pars dentalis of the premaxillary. Judging from the relation between these two 
processes, it is evident that the processus praenasalis serves as a support for 
the pars dentalis. According to Francis (1934) the processus praenasalis inferior 
lateralis represents the remains of the cornu trabeculae. 


As is the case in Onychodactylus fischeri (Geomolge) (Chung, 1931) the 
foramen apicale (for the passage of the ramus medialis nasi of the ophthalmic 
branch of the trigeminal nerve) which perforates the nasal capsule immediately 
dorsal to the above mentioned process, is fairly large and oval-shaped. 


In the roof of the nasal capsule are small foramina for the transmission 
of some of the terminal branches of the ophthalmic and are subject to variation 
even within the same species (Chung, 1931). A few important foramina, per- 
forating the antorbital cartilage, remain to be considered (fig. 1). 'The foramen 
orbitonasale laterale, situated in the posterior dorso-lateral side of the nasal 
Capsule, serves for the passage of bloodvessels; nearer the middle line are two 
small foramina perforating the cartilago antorbitalis. As in the case of Sala- 
mandra (Francis, op. cit.), the lateral one serves for the transmission of the ramus 
lateralis nasi V. and the medial one gives passage to a small lateral twig origi- 
nating from the ramus medialis nasi V. Chung (1931) observed several foramina 
orbitonasalia lateralia in certain specimens (e.g. Hynobius leechi), but the speci- 
mens of Onychodactylus japonicus investigated by me resemble Onychodactylus 
fischeri possessing two small foramina situated between the lateral and medial 
orbitonasal foramina (Chung, 1931). The Foramen orbitonasale mediale, situated 
in the media] part of the cartilago antorbitalis, is much larger than the lateral 
one and serves for the passage of the ramus medialis nasi V and for the ramus 
ventralis nasi V. The former passes through a dorsal evagination of the foramen, 
while the ventral part serves for the transmission of the musculus obliguus 
superior which inserts on the dorsal surface of the ventral part of the cartilago 
antorbitalis. 


A deep groove, the impressio conchalis, situated in the planum conchale 
posterior to the kidney-shaped fenestra narina or fenestra endonarina communis 
(Jarvik, 1949), contains the ductus naso-iacrimalis and extends backwards to the 
postero-lateral end of the fenestra dorsalis nasi (fig. 1). The impressio conchalis 
also accomodates the ducts of the glandula nasalis externa. 


Laterally the nasal capsule is pierced by the above mentioned fenestra 
narina, which stretches antero-laterally and ventrad. Posteriorly the fenestra 
is bordered by the cartilago retronarina, anteriorly by the cartilago cupolaris 
and ventro-laterally by the lamina nariochoanalis (Jarvik, Op. cit.) or cartilago 
infranarina, the latter being a cartilaginous bridge separating the fenestra, 


basalis nasi from the fenestra narina or f. endonarina communis (Jarvik, op 
cit.) (fig. 4). Ass 


Chung (1931), describing a fenestra retronarinsa (infra-conchalis or lateralis) 
in the planum conchale posterior to the fenestra narina, states that a definite 
cartilaginous bridge separates the fenestra retronarina from . the jincisura 


be excluded. This is the case in 
fischeri. 'The discrepancy may also 


Posteriorly the lamina nario-choanalis is continuous with 


: the j 
choanalis separating the fenestra basalis nasi from the fen pe ie 


estra retro-narina. 
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The process medial to the incisura and lateral to the fenestra basalis nasi 
forming the posterior ventro-lateral corner of the posterior nasal wall, is known 
as Seydel's palatal process (or Gaumenfortsatz) on whose medial side the choana 
is situated (fig. 2). 


Laterally the fenestra retronarina is not completely covered by the maxillary 
as in the case of the fenestra lateralis in other species of Urodela (Jarvik op cit.). 
According to this author the fenestra retronarina essentially agrees with the 
large posterior part of the fenestra endonarina posterior present in the nasal 
capsule of the Crossopterigian, Porolepus, owing to which fact he suggests that 
it is conceivably homologous with that part. 'This opening together with the 
fenestra basalis nasi thus corresponds with the fenestra ventro-lateralis in 
Porolepus. He further claims that the fenestra retronarina is not homologous 
With the fenestra lateralis nasi in advanced Urodeles as described by Chung 
(1931). In Salamandra (Francis, op. cit.) the fenestra lateralis nasi lies further 
forward than both the fenestra retronarina of more primitive forms and the 
large posterior part of the fenestra endonarina posterior in Porolepus. He also 
states that in view of these conditions and on account of the absence of an 
opening in the posterior part of the lateral nasal wall in certain Hynobiids, 
(Hynobius nebulosus, Onychodactylus fischeri) it is possible that the fenestra 
lateralis nasi in higher Urodeles is a new formation caused by the lateral bulge 
of the nasal sac. 


"The choana is situated in the posterior part of the fenestra basalis nasi, 
the latter being bounded laterally by the cartilago ectochoanalis and cartilago 
infranarina (— lamina nariochoanalis), anteriorly by the cornu trabeculae and 
medially by the trabeculae, to which is fused the planum internasale. 


'The cavum nasale communicates with the cavum cranii by means of the 
fairly large, oval-shaped foramen olfactorium situated in the posterior end of 
the medial wall of the nasal capsule. 


The planum internasale, a flat cartilaginous plate connecting the nasal 
capsules ventrally, extends forward to approximately the middle of the capsule 
(fig. 9). 'The antericr part of the space dorsal to the planum, the cavum inter- 
nasale, which also accommodates the ducts of the glandula intermazxillaris, is 
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Figure 3 


Sagittal section approximately through the median axis of the skull. 
CHD. chorda; OR.SEL. crista sellaris, FEN.PR.C, fenestra praecerebralis;, HA. hyoid 


apparatus; HYP.COM., hypochordal commissure; L. J. lower daw; ROS.AP,, remains 
of rostral apparatus. For other references, see prevlous figures. 
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open on the ventral side (fig. 4). 'The tectum internasale, forming the roof of 
the cavum internasale, connects the nasal capsules dorsally, the posterior border 
of the cavum being formed by the cartilaginous septum internasale (fig. 1). 
Stadtmtiller (1936) draws attention to the fact that the tectum internasale is 
very extensive in Onychodactylus, as it reaches forwards to the premaxillaries: 
a condition regarded by him as definitely primitive. As in Triturus (Stadtmuller 
op. cit.) the cavum cranii and cavum internasale communicate by means of a 
fenestra praecerebralis situated in the septum internasale (fig. 8). 'The fenestra 
is filled with a thick layer of connective tissue, the ectomeninx. 


Tt is interesting to mention the occurrence of a very small cartilaginous rod 
lodged between the anterior tips of the premasxillaries (fig. 3). Connmective tissue 
intervenes between the dermal bone and the cartilage which is not connected 
to any other Structure. In one of the specimens used for these investigations 
this cartilage could not be traced. A similar cartilage, situated between the 
median palatal sgaumes of the premaxillaries in Bufo angusticeps, is described 
by Schoonees (1930), who suggests that it represents the remains of the rostral 
apparatus of the tadpole, but further research is necessary to elucidate its 
significance. 


MEMBRANE BONES OF THE OLFACTORY REGION 


The processus praenasalis superior medius as well as the processis praenasales 
inferiores laterales are in contact with the premaxillaries. Anteriorly these pones 
do not meet in the middle line but are separated from each other by means 
of connective tissue. Three parts are distinguishable in each premaxillary (figs. 
1 and 2). 'The pars praenasalis ascends over the dorsal side of the nasal Ccapsule, 
ending in a blunt process which overlaps a part of the anterior end of the nasal. 
The anterior teeth-bearing part is known as the pars dentalis, whereas the portion 
which helps to form the bony palate is known as the pars palatina. According 
to Stadtmiiller (1936) the latter arises partly as the result of the fusion of tooth 
sockets and partly as a separate ossification. 'The posterior end of the pre- 
maxillary is overlapped by the anterior part of the masxillary, the former almost 
reaching the vomers in this region. 


The maxillary, forming the greater part of the border of the upper jaw is 
anteriorly overlapped by the premaxillary, medially it almost reaches the vomer, 
posteriorly it ends free lying ventrolaterally to the processus pterygoideus, to 
which it is connected by ligaments. 'Three parts are distinguishable in each 
maxillary: the pars facialis stretching dorsally over the planum conchale to 
overlap a small part of the lacrimal; the tooth-bearing pars dentalis extending 
posteriorly to the processus pterygoideus, and the pars palatina, whose anterior 
part overlies the palatal portion of the premaxillary (figs. 1 and 9). 


The roughly triangular vomer is a thick bony plate covering the fenestra 
basalis nasi (fig. 2). At the anterior end of the parasphenoid the vomer almost 
reaches to the median line whereas its long lateral border exgtends to the 
premaxillary and the anterior part of the maxillary. 'The medial side of each 
vomer forms the lateral and posterior borders of the anterior palatal fenestra 
bounded anteriorly by the premaxillaries. Postero-laterally a deep incisure, which 
bounds the choana, cuts into the vomer. On the medial side of this incisure is 
a ridge covered with backwardly directed vomerine teeth. The shape and extent 
of the nasal, covering the greater part of the fenestra dorsalis nasi, are best 
understood by reference to text figure 1. Its posteriorly directed process overlaps 
the antero-lateral part of the frontal and the medial border of the prefrontal, 
whereas its bifurcated anterior projection is covered by the pars praenasalis of 
the premazillary. 'There is no connection of the nasal with the masxillary as 
in Salamandra (Francis, op. cit). From the above description it is evident that 
the greater part of the tectum internasale is not covered by membrane bones. 


8 


The posterior portion of the roof of each nasal capsule is formed by a long 
obliguely situated bony plate, the prefrontal, which covers the posterior part 
of the fenestra dorsalis nasi. Antero-medially it is slightly overlapped by the 
nasal, laterally by the lacrimal whereas its posterior inner border overlaps the 
frontal. Behind the prefrontal the cartilaginous nasal capsule is no longer 
invested by membrane bones (fig. 1). 


The lacrimal is a small membrane bone situated dorso-laterally to the planum 
conchale and dorso-medially to the pars facialis of the maxillary, which overlaps 
a small part of it (fig. 1). The nasolacrimal duct pierces the lacrimal bone, but 
the canal is complete in the middle portion of the bone only; anteriorly the 
planum conchale forms the floor of the canal and posteriorly the grooved dorsal 
surface of the prefrontal serves a similar purpose. In this region the connmective 
tissue separating the two bones all but disappears. 


The septomasxillary, covering the postero-lateral part of the fenestra narina. 
is smaller than the lacrimal and lies anterior to the latter and medial to the 
pars dentalis of the mazillary; its anterior tip is situated ventrally to the sinus 
lateralis nasi and medially to the lamina nariochoanalis (figs. 1 and 4). 'The 
nasolacrimal duct lies in a deep groove on the median surface of the anterior 


MAX 


Figure 4 
'Transverse section through region of the septomaxillary. 


D.NL, nasolacrimal duct; GINMAX., glandula intermaxillaris; NAS.CAV., nasal cavity. 
ë For other references, see previous figures. 


part of the bone. After piercing the bone, the wall of the duct is for some 
distance supported by backwardly directed bony processes. 


Jarvik (op. cit.) maintains that his work corroborates the results of the 
investigations of Lapage (1928), Chung (1929) and Wilder (1995) according to 
whom the septomasillary is not a membrane bone but a cartilage bone. He 
claims that the septomaxillary, situated over the posterior end of the fenestra 
narina, is that part of the osseous nasal capsule of the piscine ancestors of the 
UVrodeles, which did not become deossified during the course of evolution. Jarvik 
suggested the name nariodal, the bone having formerly been called the nariale. 


According to him the so-called septomaxillary of the Urodeles is a cartilage 
bone and cannot be homologous to that of Anura which is a dermal bone. 
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Jarvik further maintains that in the Urodeles possessing a septomaxillary, 
the posterior external nasal tube or nasolacrimal duct leaves the nasal cavity 
through its own opening, the fenestra endonarina posterior, whereas the rest 
of the Urodeles have a fenestra endonarina communis. In Onychodactylus which 
possesses a septomaxillary, there is definitely one fenestra only, and since both 
the nasolacrimal duct and the anterior external nasal tube terminating at the 
external] nares pass through it, it must represent a fenestra endonarina communis. 
The fenestra exonarina anterior, through which passes the anterior external 
nasal tube, is bordered anteriorly by the premaxillary, laterally and postero- 
1aterally by the masxillary, posteriorly by the lacrimal and prefrontal and medially 
by the nasal (fig. 1). The nasolacrimal duct runs in a deep groove in the planum 
conchale stretching hbackwards from the fenestra endonarina communis 
(— fenestra narina). 'This groove is termed the external nasolacrimal groove by 
Jarvik, but it is generally known as the impressio conchalis. 'The fenestra 
exonarina posterior, situated in the lacrimal, is the opening in the dermal skeleton 
through which the duct passes outwards. 


THE NASAL COAVITY 


The nasal cavities of the Urodeles do not vary much, and I have nothing to 
add to the observations recorded by previous authors (Okajima, 1909: Matthes, 
1934, and Jarvik, 1949). 


THE ORBITAL REGION 


The orbitosphenoid, forming the side walls of the braincase, extends from 
the posterior border of the lamina orbitonasalis to approximately the middle 
of the foramen opticum. A good deal of connective tissue intervenes between 
the edge of the foramen and the optic nerve. In conformity with the shape 
of the brain, which is narrower ventrally than dorsally, the ventral edges of the 
orbitosphenoids lie much closer to each other than do the dorsal ones which 
are curved slightly inwards (fig. 1). The orbitosphenoid, therefore, is not pierced 
by the foramen opticum as in $alamandra (Francis, op. cit.), the posterior border 
being formed by the cartilaginous side-wall of the braincase. In this cartilage 
there are two foramina: an anterior foramen ophthalmicum for the arteria 
Ophthalmica and the more posteriorly situated foramen oculomotorium. Enclosed 
between the anterior dome of the auditory capsule and the posterior end of this 
cartilaginous plate, lies the foramen prooticum, which is bordered posteriorly 
by the prootico-exoccipital complex and anteriorly, dorsally and ventrally by 
the cartilage of the lateral wall of the brain-case. According to Stadtmiiller 
(1936) the foramen prooticum in Urodeles serves for the passage of the trigeminal 
nerve only, or for both the trigeminal and the facial nerves or for these two 
together with the abducent. In Onychodactylus japonicus the abducent passes 
through its own foramen, and the foramen prooticum serves for the transmission 
of the trigeminal nerve only. As in Salamandra (Francis, op. cit.) the abducent 
leaves the cranial cavity by the foramen nervi abducentis, situated in the planum 
basale, and enters the orbit mesial to the m.retractor bulbi, which is supplied by 
MEEASR of le EN (fig. 6). Francis (op. cit) mentions that in Some Urodeles 

e abducent nerve closely approaches th j j j 
it is associated with the RE id vae ERROR avehodagsilE 

The floor of the neurocranium is incomplete in the orbi j 
basieranialis anterior, lying between the planum ee ie 
PARA ene Pos being present (figs. 2 and 3). This fenestra is fairly 

ge owing to the resorption of the j j 
ee EE anterior part of the planum basale during 
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My observations on the sclera agree with those of Okajima (1910) and Stadt- 
miller (1929). 'The latter divides the Salamanders into three groups according 
the type of scleral cartilage and correctly places Onychodactylus japonicus to- 
gether with Triturus pyrrhogaster and Hynobius nebulosus in the group possessing 
an incomplete cartilaginous scleral ring. 'The posterior part of the sclera forms 
a broad, thin cartilaginous plate supporting the hinder part of the eye. 'There 
is no trace of cartilage in the most anterior part of the sclera. 


MEMBRANE BONES OF THE ORBITAL REGION 


The greater part of the roof of the brain-case is formed by the frontals 
which are two long flat bony plates, anteriorly covered by the nasals and pre- 
frontals and posteriorly overlapping the parietals. 'The posterior part of the 
dermal roof in the orbital region is formed by the anterior tips of the parietals, 
the floor of the brain-case being formed by the large unpaired parasphenoid. 
Anteriorly he latter bone is slightly overlapped by the vomers, and posteriorly 
it extends to the foramen magnum. Between the #frontals dorsally and the 
parasphenoid ventrally, are the orbitosphenoids forming the side-walls of the 
brain-case (figs. 1 and 2). 


OTIC AND OCCIPITAL REGIONS 
On the dorso-lateral side of the otic capsule it is impossible to distinguish 


between the prootic and exoccipital as they are fused. On the ventral and 
medial sides, however, they are separated by strips of the cartilago prootico- 


G.AC.FAC, 


BR N. ABD. 


Figure 5 


Transverse section to show the basitrabecular connection with the pars dguadrata 
palatoguadrati 
— 
BRNABD. branch of abducent nerve; G.ACPFAC., ganelion acustico-faciale; N.ABD. 
nervus abducens: PLBAS, planum basale; PROCB.TR, processus basitrabecularis; 
RPAL., ramus palatinus. For other references, see previous figures. 


di 


Occipitalis. Fusion of the prootic and exoccipital occurs in most Urodela 
(Stadtmiller, 1986) and also in several species of the Anura. 


Residual cartilage representing the cartilago prootico-occipitalis occurs on 
the dorsal, ventral and posterior edges of the fenestra ovalis. Residual cartilage 
of a similar nature also occurs in the Anura, e.g. in Arthroleptides (du "Toit, 1988). 

The antero-ventral part of the floor of the otic capsule possesses the carti- 
1aginous basi-pterygoid process for the connection with the processus basalis 
of the pars duadrata (fig. 5). 

Okajima (1908) used the term petroso-occipitale for the prootico-exoccipital 
complex together with the cartilago prootico-occipitalis. 'The petroso-occipitale 
lodges the posterior part of the cavum cranii as well as the cavities of the otic 
capsules. 

On the dorsal side the tectum synoticum, a lozenge-shaped cartilaginous 
bridge, forms the roof of the neurocranium between the two otic capsules. 'The 
medial part of the cartilago prootico-occipitalis is confluent with the tectum 
synoticum dorsally and with the planum basale ventrally. 

Several foramina perforate the medial wall of the otic capsule and their 
positions are best understood by reference to figure 6. 


1E PIOT 


Figure 6 


Graphic reconstruction of the medial wall of the otic capsule X aprox. 12. 


F.AC., foramina acustica; FAC.CAN., facial canal; FEL., foramen endolymphaticum; 
FP.L. foramen perilymphaticum; FP.OT. foramen postoticum. For other references, 
See previous figures. 


The foramen for the passage of the facial nerve is situated in the antero-ventral 
part of the prootic, and the nerve leaves the cranial cavity through the facial 
canal (fig. 5). As in Salamandra (Francis, op. cit) the ramus palatinus of the 
facial nerve branches of while the nerve is still in the canal and passes through 
a special foramen in the floor of the planum basale. 


Slightly postero-dorsal to the facial canal the prootic is pierced by the ramus 
anterior of the acustic nerve. 'The latter emerges from the g. acustico-faciale 
situated in the recessus acustico-facialis and usually divides into a ramus 
anterior, a rT.medianus and a r.posterior (Francis, op. cit). In Onychodactylus 
japonicus Okajima (1909) observed three foramina transmitting the three divi- 
sions of the acustiec nerve. In some specimens, however, he found four foramina 
acustica; and in certain Urodeles apparantly as many as five of these foramina 
may be present. Judging from the two specimens investigated by me, it is 
evident that the number of foramina is subject to variation not only within 
the same species but also on the right and left sides of the Same specimen 
The 66 mm. specimen possesses three foramina acustica on the right side and 
five on the left. Each foramen of the left side gives passage to one nerve-twig 
emerging from the ganglion acustico-faciale. Each of the two foremost foramina 
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of the right side serves for the transmission of one nerve-twig, whereas the 
hinder one gives passage to three separate branches emerging from the ganslion. 
The 67 mm. specimen possesses three foramina on the right and four on the 
left side. The anterior foramen of the right side is pierced by one nerve-twig, 
and through each of the two hinder ones pass two twigs. On the left side each 
of the three anterior foramina transmits a nerve-twig, whereas three pass 
through the hindmost foramen. Of these, two come straight from the ganglion, 
but the third is a branch of the nerve-twig passing throush the third foramen. 


The endolymphatic duct pierces the cartilago prootico-occipitalis dorsally to 
the foramen acusticum posterius, whereas the perilymphatic duct passes through 
a foramen posterior to the foramen acusticum posterius. 'The foramen peri- 
lymphaticum is situated between the cartilago prootico-occipitalis and the bony 
Drootic-exoccipital complex. The posterior part of the latter give passage to 
the combined glossopharyngeus-vagus nerve through the foramen postoticum 
(fig. 6). 


The parietals, forming the dermal roof of the hinder part of the skull, cover 
the medial portions of the otic capsules. 'The dermal floor is formed by the 
large dagger-shaped parasphenoid. 


THE BASAL PLATE AND NOTOCHORD 


The cartilaginous planum basale in Urodela shows certain changes during 
ontogeny, which involve a fenestration resulting in the formation of the posterior 
basicranial fenestra (Stadtmiiller, 1936). The latter is separated from the fenestra 
basieranialis anterior by the crista sellaris, which either persists in the adult 
forms (e.g. Siren, Ambystoma, Salamandra) or breaks down to form a common 
basicrania] fenestra (e.g. Diemictylus, Plethodon, Spelerpes). 'The resorbtion of 
the cartilage of the basal plate takes place in all the known Urodeles, except 
in Megalobatrachus japonicus (Aoyama, 1930). Suzuki (1932)* and Okutomi 
(1936) could not observe any traces of a Tfenestra basicranialis posterior in 
either larval or adult specimens of Onychodactylus japonicus. Okutomi (op. cit. 
p. 99) states: ,Die Basalplatte bleibt bestehen, und es liszt sich weder in irgend- 
einer Entwicklungsstufe, noch auch—wie es Suzuki bereits best4tigte—bei den 
erwachsenen Exemplaren irgendeine Bildung der Fenestra basicranialis posterior 
beobachten.” 


CON. TIS. 


CHD. CAR 


LMM. 


Figure 7 
Sagittal section through the basal plate and notochord 
CHDCAR., chcrda cartilage; CHD.SH, chorda sheaths; CHD.TIS, chorda tissue; 


CON.TIS., connective tissue: TUBINT,., tuberculum interglenoidale. For ofher references. 
see previous figures. 


* Not seen in the original. 
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Stadtmiller (1936), however, maintains that he has observed the presence 
of a posterior basicranial fenestra in the adult Onychodactylus japonicus. My 
investigations confirm his statement: in all four specimens investigated the 
fenestra takes the form of a narrow slit in the basal plate, the size of which 
fenestra takes the form.of a narrow slit in the basal plate, the size of which 
is subject to variation within the species (figs. 8 and 7). 'The fenestra itself is 
inconspicuous owing to the fact that it is filled with a thick layer of connmective 
tissue and that it is covered dorsally by the remains of the chorda. The latter 
consists partly of chorda cells and partly of chorda cartilage, the whole being 
enclosed by the chorda sheaths. It is thus possible that both Suzuki and Okutomi 
either overlooked the fenestra or that it is absent in certain specimens. 

The position and structure of the notochord and posterior basicranial fenestra 
in the adult Onychodactylus japonicus are best understood by reference to figures 
S Ebelel HÊ 


During ontogeny the anterior basicranial fenestra is enlarged by the resorb- 
tion of the anterior part of the basal plate (Okutomi, op. cit). 'The foremost 
cartilaginous tip of the notochord in the adult Onychodactylus japonicus estends 
to the hinder edge of the fenestra basicranialis anterior. 'The middle part of 
the cranial chorda overlying the posterior basicranial fenestra is devoid of a 
cartilaginous band but separate cartilage cells intervene between the chorda 
tissue and the sheaths. In the region of the anterior part of the hypochordal 
commissure (the portion of the basal plate posterior to the fenestra basicranialis 
posterior) the chorda is again chondrified, the cartilage cells being mainly con- 
centrated in its ventral portion. Further backwards the chorda is replaced by 
a connective tissue band, which is connected to the tuberculum interglenoidale 
of the first vertebra; the tuberculum itself is a derivative of the chorda (Okutomti, 
op. cit.). Similar conditions obtain in a 38 mm. larva of Triturus (Stéhr, 1880) 
and also in a late stage of Ambystoma (De Beer, 1937). In the closely related 
Cryptobranchus japonicus the cranial notochord disappears towards the end of 
the ontogeny (Aoyama, op. cit), a phenomenon characteristic of the vast 


Figure 8 


'Transverse section through the region of the sound conducting apparatus 


FEN.OV., fenestra ovalis;, PROC.COL, processus columellaris. For other references, see 
previous figures. 
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majority of Urodeles (Stadtmuller, 1936). In young adult stages of Salamandra 
maculosa cartilaginous remains of the chorda can still be observed; in older 
specimens, however, it is completely absent (Stadtmiller, 1924). 


In the specimens of Onychodactylus investigated by me the size of the 
fenestra basicranialis posterior is inversely proportional to the degree of. retro- 
gression the chorda has undergone. 


THE SOUND CONDUCTING APPARATUS 


Okajima (1908) showed that the sound conducting apparatus of Onycho- 
dactylus japonicus consists of one element only. Dunn (1922) suggests that it 
corresponds with that of Cryptobranchus in which an operculum fails to develop. 
He states that it is evident that either fusion of operculum and columella has 
taken place in Onychodactylus, or that the operculum has not developed. Oku- 
tomi (op. cit.) who investigated the devolpment of the skull of Onychodactylus 
does not mention any trace of any operculum anlage during the metamorphosis. 
We can thus readily assume that the sound conducting element present in 
Onychodactylus is the columella only. 

The columella is represented by a stapes consisting of a footplate and a 
laterally projecting stylus columellae (fig. 8). The footplate fits into the fenestra 
ovalis to the anterior wall of which it is fused. In transverse sections the foot- 
plate is more or less kidney-shaped, its convex side facing laterally. The dorsal, 
posterior and ventral edges of the footplate remain cartilaginous and are syn- 
desmotically attached to the cartilaginous wall of the fenestra; the rest of 
the footplate is completely ossified. 

Kingsbury and Reed (1909) state that several kinds of suspensorial connec- 
tions with the columella occur in Urodeles. In Onychodactylus japonicus the 
stapes is synchondrotically. connected to the pars guadrata by means of the 
stylus columellae. 'The whole of the stapes (i.e. its footplate and style) originates 
from a single anlage (Okutomi, op cit), 'The footplate and the base of the 
style become ossified, but the distal part of the latter, which becomes connected 
to the pars guadrata, remains cartilaginous (figs. 2 and 8). The hinder portion 
of the convex footplate is lodged in a groove on the lateral wall of the otic 
capsule. 

Immediately behind the posterior end of the stapes a short, blunt cartila- 
ginous process of unknown significance projects from the otic capsule. A more 
or less similar protuberance occurs in Xenopus laevis (Kotthaus, 1933). Kotthaus 
describes it as a processus muscularis capsulae auditivae for the insertion of 
muscle fibres. 


THE PALATOG@UADRATE AND THE SUSPENSORIAL REGION 


The pars guadrata palatoguadrati is situated on the latero-ventral side of 
the otiec capsule: it is connected by means of several processes to different parts 
of the skull (figs. 1 and 2). A long cartilaginous processus pterygoideus projects 
in an anterior direction from the pars guadrata to the dorso-medial side of the 
maxillary. 'The closely related Batrachuperus and Ranodon differ from Onycho- 
dactylus japonicus in acauiring a secondary synchondrotic connection with the 
processus masxillaris posterior of the antorbital cartilage (Stadtmiiller, 1936). 

The processus ascendens projects from the anterior part of the pars auadrata 
in a dorso-medial direction. 'The (Gasserian ganglion occurs typically on the 
medial side of this process. 'The latter is synchondrotically connected with the 
dorsal part of the cartilaginous side-wall of the brain-case, so that the skull 
is monimostylic. 

The connection between the basal and basitrabecular processes in Urodeles 
varies a great deal. For detailed information the reader is referred to Stadt- 
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midillers account of the Urodele skull in “Handbuch der vergleichenden Anatomie 
der Wirbeltiere” (1936). In the specimens investigated by me a synovial cavity 
is present between these two structures, but its degree of development is different 
not only in the different specimens, but also in the two sides of the skull of the 
same specimen (fig. 5). In adult specimens of Onvychodactylus Stadtmtuller was 
able to demonstrate the presence of a synovial cavity on one side of the skull 
only, whereas the union between the structures concerned on the other side 
was effected by a synchondrosis. A diarthrotic connection of the processus basalis 
with the floor of the otic capsule in Amphibia, is regarded as the primitive 
condition (Gaupp, Versluys). 

The processus oticus situated behind and parallel to the ascending process. 
is confluent with the dorso-lateral part of the wall of the otic capsule. Its 
considerable size is probably the result of the reduction of the bony roof of 
the skull (Versluys, 1927).* 


The hinder part of the pars aguadrata is also synchondrotically connected 
with the sound conducting apparatus by means of the cartilaginous stylus of 
the stapes (fig 8). 

As is the case in all the recent Amphibia, the auadrate occurs as the only 
ossification of the palato-guadrate. The hinder part, consisting of both bone 
and cartilage, serves for the articulation with the lower jaw, and is known as 
the pars articularis (figs. 1 and 10). 


The membrane bones of the suspensorial region and of the palatoduadrate 
are the sguamosal, the guadratojugal and the pterygoid. 'The sauamosal extends 
from the dorsal part of the otic capsule to the lateral side of the pars articularis. 
It possesses a backwardly directed process from which the musculus depressor 


TMM. 


Figure 9 
Transverse section through the anterior parts of the sguamosal and duadratojugal 
Abbreviations as in previous figures. 


*) Not seen in the original 
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mandibulae and the m.mandibularis externus originate (Matthews, in press) 
(figs. 1 and 8). The sauamosal closely approaches the guadratojugal, the connec- 
tive tissue separating them disappearing in some places (fig. 11). The sduamosal 
is thus indirectly connected to the guadrate by means of the auadratojugal. A 
similar condition obtains in Salamandra maculosa (Stadtmtiller, 1924). 


The duadratojugal developes as a separate ossification during ontogeny 
(Okutomi, op. cit). It is well-developed in the adult and situated medially to 
the ventral portion of the sauamosal (fig. 10). Over the greater extent of their 
surfaces the bones are separate, but in places the dividing connective tissue 
disappears and synostosis takes place (fig. 11). 'The ventral end of the guadrato- 
jugal invades the .cartilage of the dguadrate region thus giving rise to a mixed 
bone, part of which at least must represent the duadrate bone (fig. 10). 


The pterygoid is a well-developed membrane bone situated on the medial 
side of the pars auadrata and reaching anteriorly to the hinder ventral part 
of the pterygoid process (figs. 2 and 9). According to Okutomi (op. cit) the 
pterygoid is in reality a pterygoid-palatinum, but during ontogeny the palatine 
part degenerates, and the cranial portion is resorbed by the processus pterygoideus 
(sic). 


THE LOWER JAW AND THE HYOBRANCHIAL SKELETON 


The structure of the lower jaw and of the hyobranchial skeleton has been 
described by Stadtmiller (1936) and by Fukuda (1930) respectively; my inves- 
gations are in entire accord with their findings. 


Figure 10 


Transverse section to show the invasion of the auadrate region by the duadratojugal 
PART. pars articularis. Other abbreviations as in prevlous figures. 
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Figure 11 
'Transverse section tbrough the posterior parts of the sdauamosal and duadratojugal 
showing synostosis. 


Abbreviations as in previous figures. 


SUMMARY 


1. 'The foramen apicale is fairly large and oval-shaped. 


9. 'The fenestra retronarina is confluent with the incisura ectochoanalis as 
is the case in Hynobius and Pseudosalamandra. 


8. 'The tectum internasale is very extensive: a condition regarded by Stadt- 
miiller as primitive. 


4. A small cartilaginous rod of unknown significance occurs between the 
tips of the premasxillaries. 


5. The nasolacrimal duct runs in the grooved prefrontal and Dpierces both 
the lacrimal and septomaxillary. 


6. The foramen prooticum serves for the transmission of the trigeminal 
nerve only and the nervus abducens passes through its own foramen in the basal 
plate. 


71. The number of foramina acustica is subject to variation not only within 
the same species but also on the right and left sides of the same specimen. 


8. As is the case in Siren, Ambystoma and Salamandra both the fenestra 
basicranialis anterior and posterior are present, the latter taking the form of 
a narrow, inconspicuous slit in the basal plate. 


9. 'The cranial chorda persists, but cartilage cells intervene between the 
chorda tissue and the sheaths. 


10. In the different specimens of Onychodactylus, the size of the fenestra 
basicranialis posterior is inversely proportional to the degree of retrogression 
the chorda has undergone. 


11, The stapes is synchondrotically connected to the pars guadrata palato- 
duadrati by means of the stylus columellae. 
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12. Immediately behind the posterior e2d of the stapes a short, blunt 
cartilaginous process of unknown significance projects from the otic capsule, 


13. There is no synchondrotic connection of the processus pterygoideus with 
the antorbital cartilage. 


14. The processus ascendens is synchondrotically connected with the dorsal 
part of the cartilaginous side-wall of the brain-case, so that the skull is monimo- 
stylic. 


15. A synovial cavity is present between the basal and basitrabecular 
processes, but its degree of development is different not only in the different 
specimens but also in the skull of the same specimen. 


16. The large processus oticus is confluent with the dorsolateral part of 
the wall of the otic capsule. 


17. The sguamosal possesses a backwardly directed process from which the 
musculus depressor mandibulae and the m. mandibularis externus originate. 


18. The duadratojugal is well developed and in some places synostosis with 
the sguamosal takes place. 


19. 'The ventral end of the ouadratojugal invades the cartilage of the 
duadrate region thus giving rise to a mixed bone, part of which at least must 
represent the guadrate proper. 
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COMPLETE LIST OF ABBREVIATIONS 


BR.N.ABD. — branch of abducent nerve 
C.A.OR. —  cartilago antorbitalis 
CAV.IN N. —  cavum internasale 

C.CUP. —  cartilago cupolaris 

CD. —  chorda 

CHD.CAR. —  chorda cartilage 

CHD.SH. —  chorda sheaths 

EHOP IS. —  chorda tissue 

C.INF.NAR. —  cartilago infranarina 
C.OBL. —  cartilago obligua 

CON.TIS — .connective tissue 

C.PR.OC. —  cartilago prootico-occipitalis 
C.RT.NAR. —  ceartilago retronarina 
CR.SEL. —  erista sellaris 

D.N.L — nasolacrimal duct 

EX.OC —  exoccipital 

F.AG. —  foramina acustica 

FAC.CAN — facial canal 

F.EL. —  foramen endolymphaticum 
FEN.BC.A —  #fenestra basicranialis anterior 
FEN.BC.P —  fenestra basicranialis posterior 
FEN.B.NAS —  fenestra basalis nasi 
FEN.D.NAS —  fenestra dorsalis nasi 
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PROGC.COL. 
PROC.NAS.INF.LAT. 


PROC.NAS .SUP.MED. 


EER EEN EE SEEN ENE EER SEE AE REEN AE AE MAA. IE 


fenestra 


fenestra 
fenestra 
foramen 
foramen 
foramen 
foramen 
foramen 


narina 

ovalis 

praecerebralis 
oculomotorium 
orbitonasale laterale 
orbitonasale mediale 
opticum 
perilymphaticum 


foramen postoticum 
foramen prooticum 
frontal 

ganglion acustico-faciale 
glandula intermaxillaris 
hyoid apparatus 
hypochordal commissure 
impressio conchalis 
incisura ectochoanalis 
lacrimal 

lower jaw 

maxillary 

nervus abducens 

nasal 

nasal cavity 
orbitosphenoid 

parietal 

pars articularis 

planum basale 

planum conchale 
planum internasale 
pars duadrata 
premaxillary 

prefrontal 

processus ascendens 
processus basalis 


processus 
processus 
processus 
processus 
processus 
processus 


basitrabecularis 

columellaris 

praenasalis inferior lateralis 
praenasalis superior medius 
oticus 

pterygoideus 


prootic 

parasphenoid 

pterygoid 

duadratojugal 

duadrate 

remains of rostral apparatus 
ramus palatinus 

Seydel's palatal process 
septomaxsxillary 

stapes 

stylus columellae 
SAuamosal 

tectum synoticum 

tectum internasale 
tuberculum interglenoidale 
vomer 
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The Cranial Musculature of the Asiatic 
Urodele Onmychodactylus japonicus 
(Houttuijn) 
by 
Jap: MAEEHEW SS M se, 
Zoological Institute, University of Stellenbosch 


With 8 'Textfigures 


ABSTRACOT 


In this paper the topography of the cranial muscles of Onychodactylus 
japonicus is described. 'The different muscles, especially the presence of three 
transverse superficial muscles, distinctly show the relationship of Onychodactylus 
to other primitive Urodela. A new muscle, mainly in the form of a slip of the 
geniohyoidus and hitherto not recorded in any other Urodela. is described. 


The Cranial Musculature of the Asiatic 


Urodele Onychodactylus japomicus 


(Houttuijn) 


INTRODUCTION 


Onvychodactylus is one of the primitive Asiatic Urodeles. Its systematic posi- 
tion is dealt with by Ryke (in press) to whom the reader is referred for further 
iniormation. Gr 


During the last century and a half, many investigations have been carried 
out on the comparative anatomy and embryology of the cranial muscles of 
Vertebrates and their nerve supply. This type of investigation is beset with 
many difficulties, not the least being the choice of terminology. It would be 
both desirable and convenient to adopt a uniform terminology, and to name 
muscles either according to their functions, or to select names indicating the 
Origins and insertions of the individual muscles. In the present state of our 
knowledge it is, however, impossible to apply either of these principles consistently. 
As this paper is a contribution to our knowledge of the topography of the cranial 
muscles, and not an attempt to solve the guestion of their homologies, it has 
been decided to adopt the terminology used by Luther (1914 and 1938) and Lubosch 
(1938) among others. 


For an historical review of the earlier works dealing specifically with cranial 
muscles of the Urodeles, the reader is referred to Francis (1934). Subseguent to 
this date, there appeared the abovementioned contributions by Luther and 
Lubosch, and also Nishi's work (1938) on the myotomic muscles of the head; 
lastly, there is SAve-Séderbergh's paper (1944) on the trigeminal musculature in 
non-mammalian “Tetrapods. 


MATERIAL AND TECHNIGUE 


The material for this investigation was obtained from the Shibayama 
Natural Science Laboratory, Japan. It was prepared for microtomy in the usual 
way, bulk-stained in Borax Carmine and counterstained on the slides in Azan 
solution. Use was made of transverse and sagittal sections, both cut at a thick- 
ness of 15. Drawings done to scale and projected onto graph paper ruled in 
millimetres were used for making the reconstructions. For comparison, I also 
had at my disposal serial sections of Hynobius. 
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OWN INVESTIGATIONS 
MUSCLES OF THE EYE 
The somatic eye muscles of Urodeles have already been dealt with by 


Francis (1934) and Nishi (1938). As the eye muscles of Onychodactylus show no 
major deviations, there is no need to describe them again. 


MUSCLES SUPPLIED BY THE TRIGEMINAL NERVE 


Luther (1914) divided the trigeminal muscles into (1) constrictor I dorsalis, 
(9) adductor mandibulae and (38) musculus intermandikularis (constrictcer I 


ventralis). 


I. CONSTRICTOR 1I DORSALIS. 


This muscle group may be divided into (a) the levator duadrati and (b) the 
levator bulbi muscle group. As no levator duadrati has as vet been found in 
Urodela, the only muscle group to be described is the levator bulbi. 


Levator bulbi 


Three sections can be distinguished in this muscle: (1) the pars sagittalis, 
(2) pars principalis and (8) pars transversalis. 


FRONT LBSM PAR: 


MY LBT LBP-  LBSL PPT PROOT 


Figure 1 
The levator bulbi of the left side. After Luther (1914). 
FRONT. frontal; LB.P., levator bulbi principalis, LBS1L, levator bulbi sagittalis late- 


ralis; L.B.S.M., levator bulbi sagittalis medialis; L.B.T., levator bulbi transversalis: X 
maxillary; PAR. parietal; P.PT., processus pterygoideus; PROOT, prootic. EE 
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(1) Pars sagittalis. 'The major portion of this muscle arises from the 
prootic by means of a strong tendon, the remaining fibres originating from the 
dorsal part of the processus ascendens. Anteriorly the muscle is divided into 
two heads distinguished as the lateral and the medial portions. 'The former 
passes obliguely antero-laterally; some of its fibres have an insertion on the 
processus pterygoideus (fig. 1), whereas the remainder join those of the pars 
principalis to insert on the posterior corner of the lower eyelid. Similar con- 
ditions obtain in Hynobius. Both in function and position this muscle corres- 
ponds closely to the levator guadrati of Gymnophiona (Luther, 1914). 


The fibres of the median portion pass antero-mesially where some are 
attached to the frontal and parietal immediately below the origin of the pars 
principalis (fig. 1), and others to the tendon attached between the orbitosphenoid 
and abovementioned bones. Some fibres are also attached to the dorsal part of 
the processus ascendens and the cartilaginous wall of the skull. 


(2) Pars principalis. 'This muscle is the most dorsal portion of the levator 
bulbi group. It arises from the lateral border of the frontal, from the antero- 
lateral border `of the parietal, from a tendon stretching from sutural tissue 
between these membrane bones and the orbitosphenoid, as well as from the 
cartilaginuos posterior wall of the nasal capsule, the cartilago antorbitalis, 
whereas the most laterally situated fibres arise from the masxillary. While some 
of the fibres are inserted into the anterior tip of the cartilaginous processus 
pterygoideus, the rest pass more posteriorly to become inserted with some fibres 
of the pars sagittalis into the ventral side of the posterior end of the lower 
eyelid or the membrana nictitans. With the contraction of this muscle the 
cartilaginous tip of the processus pterygoideus (together with the lower eyelid) 
would be drawn downwards and inwards (fig, 1). 


(8) Pars transversalis. 'The origin of this muscle is anterior to the insertion 
of the caput mediale of the pars sagittalis, and ventral to the origin of the 
pars principalis, from the lower-lateral borders of the parietal and frontal. Its 
fibres stretch ventrally to those of the other two in a rostro-lateral direction. 
They are inserted into the cartilago antorbitalis and the masxillary and not into 
the membrana nictitans as in other Urodela (Luther 1914). 


The levator bulbi has at least two functions: (1) as levator bulbi or lifter 
of the eye with its muscles; and (9), as. accessory respiratory muscle by enlarging 
the mouth cavity (Francis, op. cit.). 


The phylogenetic history of this muscle is reviewed by Luther (1914). Accor- 
ding to him Burkard (1902) and Cords (1910) were of opinion that this muscle 
is derived from the constrictor I dorsalis (levator maxillae superioris) of Pisces, 
whereas Edgeworth (1911) and Norris (1918) maintained that it is derived irom 
the adductor mandibulae. Although there is much to substantiate the latter 
opinion, Luther too inclines to the view that the levator bulbi is derived from 
the constrictor I dorsalis. According to this author, the levator palatoguadrati 
of Fishes originates caudally to 5(c) and secondarily moves in a forward direction, 
medially to this nerve, but it still functions as the adductor of the dguadrate. In 
GymYROPhiona, one portion of the levator palatoguadrati, the musculus levator 
guadrati, has retained this function and position. The lateral portion of the 
pars sagittalis in some primitive Urodela (Hynobius) has a similar relation to 
the guadrate. It eztends mesially along the line of ensertion and acduires a new 
attachment to the cranium. 'This portion is now known as the pars Sagittalis 
medialis. Another extension, probably from the anterior portion of this new- 
formed pars sagittalis medialis, takes place in a forward direction. As a result 
of the different functions of its various portions, the levator bulbi can be divided 
into: (1) the pars principalis, the muscle lifting the bulbus of the eye, (2) the 
pars transversalis, lifting the obligue eye muscles, sand (3) the pars sagittalis 
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medialis, the muscle lifting the rectus eye muscles. Each of these three portions 
may attach to the membrana nictitans to function as a depressor membranae 
nietitantis. 


2. ADDUCTOR MANDIBULAE. 


In the general development of the adductor musculature, according to Sdve- 
Séderbergh (1944), the Urodeles show a striking resemblance to the Dipnoi and 
an egually striking divergence from the Anura. This, however, does not of course 
mean that the Urodeles are descended from the Dipnoi. 


The adductor musculature can be divided into (a) adductor mandibulae 
externus (b) adductor mandibulae posterior and (c) adductor mandibulae internus. 


(a) Adductor mandibulae erternus. This muscle lies lateral to 5(b) and (ce) 
and anterior to the adductor mandibulae posterior, its fibres running parallel 
to those of the latter (figs. 2 and 38). It is a broad strong muscle arising from 
the skin on the lateral side of the skull, the antero-lateral edge of the sauamosal 
(fig. 6) and from the anterior corner of the otic-capsule. It is also attached 
to the fascia of the musculus depressor mandibulae and musculus pseudotempo- 
ralis (figs. 2 and 5). In some forms, according to Séve-Séderbergh, the adductor 
externus extends high up on the skull to the parietal where part of it originates 
(Necturus, Amphiuma, Siren). In Siren the adductores externi even. extend up 
above (superficially to) the adductores interni to meet each other dorsally in a 
point in the mid-line of the head (Séve-SOderbergh, 1944). From their origin 
the fibres run rostro-ventrally to insert mainly on the dentary, but also on 
Meckel's cartilage (figs. 3 and 4). The anterior fibres inserting on Meckels carti- 
lage run obliguely backwards and upwords, whereas the hindmost ones are almost 
vertical in position (fig. 2). 


Figure 2 


Reconstruction of Adductor mandibulae muscle group X appDrox. 985. 


AME., Adductor mandibulae e@xternus, AM.POST., Adductor mandibulae posterior; 
CO.L.W., cartilaginous lateral wall; C.@UA, cartilago guadrati; FO. foramen opticum: 
L.J., lower jaw; MC.C., Meckel's cartilage; .MDEPRMAND. musculus depressor mandi- 
bulae; M.PST, musculus pseudotemporalis; M.PT., musculus pterygoideus; PRSPH, 

parasphenoid; S@., sauamosal. 
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Figure 38 


Transverse section to show the position of the Adductor mandibulae and hyobranchial 
F musculature. 


C.CH., cartilago ceratohyalis; C.HBR.1., cartilago hypobranchialis 1; CO.HBR.2., cartilago 

hypobranchialis 2; DENT., dentary; GANG.5., ganglion N.V; GON., gonial; MCHIN,, 

musculus ceratohyoideus internus; M.GH., musculus geniohyoideus;, MIM.P., musculus 

intermandibularis posterior; MR.PB., musculus retractor bulbi; MSH., musculus subhy- 

oideus; MSH.P., musculus sternohyoideus profundus; M.SH.S., musculus sternohyoideus 
Superficialis; PT. pterygoid. 


Other abbreviations as in previous figures. 


As the adductor mandibulae group is opposed by the musculus depressor 
mandibulae, a muscle supplied by the VII nerve, the function of the adductor 
mandibulae externus is to assist in closing the mouth. 

(b) Adductor mandibulae mosterior. 'This muscle lies posterior and mesial 
to V(b) and (c) and is somewhat triangular-shaped. Its posterior end arises 
from the guadratojugal, from the free anterior edge of the sguamosal and 


from the posterior end of the pars duadrata palato duadrati (Fig. 6) Tts middle 
portion originates more dorsally from the cartilaginous otic capsule and from 


the prootic (fig. 3), and its most anterior portion from the dorsal part of the 
processus ascendens and even from the parietal. It is inserted into the articular 
portion of Meckels cartilage, posterior to the insertion of the adductor mandi- 
bulae externus, and its medial portion also has a strong insertion on the gonial 
(fig. 3). 'This muscle thus has several attachments to the skull with a strong 
insertion on Meckel's cartilage, but mainly on the gonial. It stretches down- 
wards, medially to V(c) by which it is separated from the adductor mandibulae 
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externus with whose fibres it is closely associated anteriorly. The general direc- 
tion of the fibres is antero-ventral, the foremost ones being of moderate length 
whereas the hindmost ones are extremely short. 


(0) Adductor mandibulae internus. This muscle lies medial to the mandi- 
pular branch of the trigeminal nerve. It is however divisable into two distinct 
portions: the musculus pseudotemporalis and the musculus pterygoideus. 


The musculus pseudotemporalis. This muscle is roughly triangular in shape 
and covers the greater part of the musculus pterygoideus (figs. 2, 3, 4 and 6). Its 
posterior fibres arise from a fascia stretching between the neural spine of the 
first vertebra and the parietal, whereas the remaining, more anterior fibres take 
origin from the parietal itself. In Amphiuma the fibres extend backwards as 
far as the third neural spine (Luther, 1914). The muscle runs along the dorsal 
aspect of the skull to the anterior face of the otic capsule, where it turns 
abruptly downwards to end in a strong tendon inserted on the coronoid process 
of the gonial of the lower jaw (fig. 4). In the larva, according to Luther, the 
insertion of this muscle is in Meckel's cartilage, but with the development of the 
gonial the insertion shifts upwards to the position it occupies in the adult. 


Musculus pterygoideus. 'This muscle was first described by Fischer (1864) 
in Cryptobranchus alleghaniensis, Siren and Amphiuma (Luther, 1914). According 
to Luther, Lubosch (1918) was the first to show that this muscle is also present 
in other Urodela with the exception of Siredon (Ambystoma tigrimnum) and 
Proteus. Luther, however, proved that he was wrong by finding a pterygoideus 
in these two genera. 


Figure 4 


Transverse section to show the origins and insertions of muscles of the adductor mand! 
bulae group and the position of the hyobranchial musculature. 


C.COP., cartilago copula. 


Other abbreviations as in previous figures. 
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The fibres of this muscle are not easily distinguishable from those of the 
musculus pseudotemporalis and the adductor posterior, but their origins are duite 
distinct. Some fibres arise from the lateral border of the posterior end of the 
frontal, but the greater part of the muscle originates from the parietal and 
from the cartilaginous otic capsule (fig. 4). Although some fibres of the m. 
pterygoideus intermingle with those of the m. pseudotemporalis it is not known 
whether this indicates a former relationship between the two muscles, or whether 
these fibres are only part of the pterygoideus muscle that has migrated towards 
the overlying pseudotemporalis. 


From its origin the muscle stretches downwards and slightly backwards on 
the medial side of V (ce) and is inserted into the processus coronoideus of the gonial 
by means of a strong tendon as in Salamandra and Triturus (Luther op. cit.), 
Near the insertion, the fibres of the pterygoideus and the pseudotemporal 


Reconstruction of the hyobranchial and throat musculature X approximately 19. The 
transverse superficial throat muscles are removed from the right side and the posterior 
part of the geniohyoideus is cut off to expose the sternohyoideus. 


AP., aponeurosis; M.OON.G., musculus constrietor colli: M.GGL, musculus genioglossus; 
M.IH. musculus interhyoideus. 


Other abbreviations as in previous figures. 
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muscles are so closely associated with each other that separate tendons are 
almost indistinguishable. In Siredon (Ambystoma tigrinum), according to 
Luther, it is very difficult to distinguish between the pterygoideus and the pseudo- 
temporalis, and only by following the fibres can they be distinguished. The oppo- 
site is found in Siren where the pterygoideus is a strong independent muscle. In 
Cryptobranchus it is only the fibres of the anterior portion of the pterygoideus 
that are closely interminglied with those of the pseudotemporalis (Luther op. @id 2), 


3 MUSCULUS INTERMANDIBULARIS (Constrictor 1 ventralis) 


This is a sheet of muscle stretching between the lower jaw and middle of 
the floor of the mouth (fig. 5). In the larva an anterior and a posterior 
portion ars usually found, but in the adult only the posterior part is present 
(Luther, op. cit.). According to Luther, the only Urodela in which a well-developed 
intermandibularis anterior is found, are the Amphiumidae. 'There is no trace 
of this muscle in Onychodactylus. 


Musculus intermandibularis posterior. 'This muscle stretches transversely 
between the ramus of the lower jaw, and a raphe or aponeurosis in the middle 
line. 'This raphe is narrow in front, broad in the middle and tapers posteriorly; 
in Proteus and Siredon (Ambystoma tigrinum) it is very narrow, and in Sien, 
Necturus and Proteus it has entirely disappeared anteriorly so that the fibres 
stretch from one side of the jaw to the other. 'The most anterior fibres are not 
attached to the lower jaw but end freely in connective tissue (fig. 5). The anterior 
fibres stretch transversely to the raphe, but further back we find that the fibres 
stretch very slightly backwards. 


According to Smith (1920) the intermandibularis is a muscle found only in 
the larva and not in the adult; in the latter the place of this muscle is supposed 


Figure 6 


Transverse section to show the position of the hyobranchial musculature and the Origins 
of some of the muscles belonging to the adductor mandibulae. 


@JUG., duadratojugal. 
Other abbreviations as in previous figures. 
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to be taken by two muscle masses, the anterior of which Smith calls the inter- 
hyoideus, and the posterior, the gularis (musculus constrictor colli). She suggests 
that the interhyoideus is the direct homologue of the intermandibularis posterior. 
The gularis is then supposed to be formed “de novo”. BEaton (1936), however, 
suggests that the intermandibularis posterior found in the larva is the undifferen- 
tiated interhyoideus plus gularis, which do not separate until metamorphosis 
sets in. According to him, this makes the arrangement uniform with that in 
Salamandridae, known to be ancestral to the Plethodontidae; this would then 
account for the supposed “de novo” appearance of the gularis in the adults of both. 
Piatt (1935) also suggests that the interhyoideus is the homologue of the interman- 
dibularis posterior and possibly the posterior portion of the intermandibularis 
anterior. My investigations, however, show that there are in this region three 
distinct muscles: the anterior of which is innervated by the trigeminal, and the 
two posterior ones by the facial. I regard the. anterior muscle as the inter- 
mandibularis posterior, and the two posterior ones as the interhyoideus and the 


constrietor colli (gularis). Similar conditions obtain in the Salamander (Francis, 
Op. cit). 


MUSCLES SUPPLIED BY THE FACIAL NERVE 


Musculus depressor mandibulae. 


According to Edgeworth (1935), the depressor mandibulae develops from the 
levator hyoidei, a muscle which, in the larva, streteiies from the auditory capsule 
to the ceratohyal. The levator hyoidei loses its insertion on the ceratohyal and 
acduires a new one on the postarticular process of Meckel's cartilage, thus 
becoming the depressor mandibulae. 


This is a powerful, triangular muscle (fig. 2) whose dorsal part is divided 
into two layers by the forward extension into it of one of the myotomic muscles. 
The one layer is superficial or external and the other ventral or internal. Accor- 
ding to Baton (1936), Driiner (1901) maintained that the division of the dorsal 
part of the muscle is efected by the ramus jugularis (VII and IX) but in Onycho- 
dactylus this is not the case; usually the external portion extends from the 
posterior edge of the sguamosal and the adjacent part of the otic capsule back 
along the neck fascia. In the adult Triturus taeniatus it is lacking entirely, 
only the deeper portion being present (Eaton, 1936). In Onychodactylus and in 
Hynobius, the external portion has no connection with the skull, but originates 


from the subcutaneous connective tissue and, further backward, from the fascia 
of the neck. 


The internal portion originates irom the dorsal, posterior edge of the 
sduamosal (fig. 6) and from the “crista muscularis” of the otic capsule. 'The 
whole muscle has a strong insertion at the extreme posterior end of Meckels 
cartilage (fig. 9), and as it opposes the adductor mandibulae, its contraction 
will result in the opening of the lower jaw. 


According to Eaton (1986), the reason for the insertion of the depressor 
mandibulae upon the posterior end of the.sauamosal is that it may pull this 
bone back above the pivoting point, in opposition to the adductor mandibulae 
externus which pulls it forward. . “The depressor mandibulae thus causes the 
lower end of the sguamosal, carrying the lower jaw and hyobranchial apparatus, 
to swing forward as the mouth is opened, the latter action taking place by 
means of the same contraction of the muscle” (Eaton, op. cit. p. 47). 
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Musculus interhyoideus. 


During the larval stage, the interhyoideus arises on the ceratohyal, a condi- 
tion which persists in the adult Necturus, Proteus and Siren. During meta- 
morphosis the origin of the muscle is transferred to the dguadrate in Hynobius, 
Triturus and Salamandra (Edgeworth, 1935). In Onvychodactylus it originates 
from the postero-medial surfaces of the cartilago guadrata and of the pterygoid; 
a few fibres are also attached to Meckel's cartilage (fig. 5). From its origin 
the interhyoideus passes downwards, spreads fanwise and is inserted into the 
posterior continuation of the median aponeurosis between the musculi interman- 
dibularis posteriores. 'The medial ends of the anterior fibres overlap the medial 
posterior fibres of the musculus intermandibularis posterior. 


As previously stated, Smith (op. cit) is of the opinion that the intermandi- 
bularis posterior of the larva is the homologue of the interhyoideus. Piatt (op. 
cit.) also maintains that the interhyoideus is for the most part the homologue 
of the intermandibularis posterior and probably of the posterior portion of the 
intermandibularis anterior as well, whereas Eaton says that the interhyoideus 
plus the gularis are the undifferentiated intermandibularis posterior. Judging 
from the presence of a musculus intermandibularis posterior, a musculus inter 
hyoideus and a m. interhyoideus posterior or gularis in the adult Onychodactylus, 
the m. interhyoideus and gularis cannot be homologous with the m. intermandi- 
bularis posterior as stated by Smith (op. cit) and Piatt (op. cit.). 


Musculus constrictor colli (Gularis). 


In connection with the larval state and metamorphosis of this muscle 
Eaton (1936, p. 54) states that: ,throughout the larval life in Dicamptodon the 
origin of the gularis is on the distal end of the first ceratobranchial.” At meta- 
morphosis, the tip of the ceratobranchial disintegrates, and the gularis, left 
without attachment, transfers its origin to the duadrate. 


In Onychodactylus nothing is known about the larval condition, but in the 
adult the origin of the muscle is not on the guadrate, but on the lateral, hind- 
most end of the cartilago duadrata, ventral to that of the musculus interhyoideus 
(fig. 5). Its fibres spread fanwise ventrally across the throat; the anterior ones 
are almost transverse and are inserted into the backward continuation of the 
same aponeurosis onto which the intermandibularis and interhyoideus are in- 
serted. 'The posterior fibres forming the bulk of the muscle, turn more postero- 
mesially and are inserted onto the skin at the gular fold. This fold of the skin 
surrounds the throat on the ventral side and, according to Francis, op. cit. p. 58 


“represents the remains of the gill operculum of the larva fused with the skin 
of the-pectoral region”. 


Driiner was in some doubt about the derivation of this muscle, but thinks 
that it might have arisen from the musculus interbranchialis I (Francis, op. cit) 
Edgeworth (1935) says, that it is formed by an extension from the posterior fibres 
of the interhyoideus. Smith (op. cit.) holds that it is the posterior of the two 
muscle masses which, according to her, arise in the adult to take the place of 
Ie AA EED posterior. As the interhyoideus is the homologue of the 
intermandibularis posterior, she hol j j j j 
RR jo) olds that the constrictor coli (gularis) is 


As already stated ,Eatonm's view js that the musculus constrictor colli does 
not appear “de novo” but that the intermandibularis posterior of the larva is 
only an undifferentiated interhyoideus plus interhyoideus posterior (constrictor 
colli or gularis). As the intermandibularis posterior is an adult structure in 
Onychodactylus, it is hard to believe that it could have taken part in forming 
the interhyoideus posterior in this genus. 
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` Baton (1937) makes a plea for the use of the term “gularis” for the inter- 
hyoideus posterior (constrictor colli) in all Urodela, as already proposed by Smith 
(op. cit.) for the same muscle in Eyrycea (Spelerpes). In this genus the muscle 
is largely integumental in origin as well as in insertion. Driiner and Piatt both 
named this muscle the duadrato-pectoralis in Desmognathus. 'Their gularis is 
a thin and extremely delicate muscle running from the dorsal fascia to an in- 
sertion in the skin of the gular fold. In the Plethodont group, except in Amneides 
(Piatt, op. cit.), the dguadrato-pectoralis is entirely missing and the gularis has 
become a strong muscle. Notwithstanding this difference in nomenclature, Eaton 
(19387) is still of the opinion that the muscle should be called “gularis”. 'The 
gularis of Piatt and Driiner might then be named “gularis externus” or simply 
“gularis 2”. 


Musculus subhyoideus. 


This muscle arises from the posterior end of the ceratohyal which it encloses 
in a sort of muscular capsule. It is narrow and passes forwards with its fibres 
running more or less parallel and ventral to the ceratohyal (figs. 8,4, 5, 6 and 7). 
The anterior fibres turn inwards to the middle line and are inserted into the 
dorsal side of the aponeurosis of the musculus intermandibularis posterior. 'The 
foremost fibres of this insertion stretch up to a point parallel with the anterior 
horn of the ceratohyal i.e. the pars hypo-hyalis. 
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Figure 7 
Transverse section showing the position of the hyobranchial musculature and of the pars 
lingualis musculi geniohyoidei. 
H.A.P.C.COP., hornshaped anterior prolongation of the cartilago copulae; P.LM.G., pars 
lingualis musculi geniohyoidei. 
Other abbreviations as in previous figures. 


According to Edgeworth (op. cit), the anterior part of the interhyoideus 
spreads forwards and from this extension a fasciculus, the subhyoideus, is sepa- 
rated in Hynobius, Triturus and Salamandra. Driner, also regarded the sub- 
hyoideus as the anterior portion of the larval interhyoideus. In her work on 
Spelerpes, Smith (1990) describes a muscle which she calls “geniohyoideus late- 
ralis”, and which appears to be homologous with the subhyoideus. This muscle, 
according to Smith, is not derived from the interhyoideus, but from the anlage 
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of the geniohyoideus, a muscle supplied by the first spinal nerve. One would 
therefore expect the subhyoideus (or geniohyoideus lateralis of Smith), to be 
supplied by a spinal nerve, whereas in Onychodactylus, and Salamandra, accor- 
ding to Francis, the musculus subhyoideus is innervated by the seventh cranial 
nerve. To add to the confusion”, states Francis (1935, p. 60), “Elizabeth 
Szamoylenko (1904) in deseribing the hyobranchial muscles of the adult Spelerpes 
states that the m. geniohyoideus lateralis is innervated by the N. glossopharyn- 
geus in both Spelerpes and Salamandra — which is wrong for the latter animal 
at least—with the addition in the former of fibres from N.N. spinaels 1, 2 and 8”. 
When this muscle contracts, it pulls the postero-dorsal end of the ceratohyal 
forwards and downwards, thus causing the anterior end of the cartilage with 
its overlying tongue, to move forwards and upwards; it is thus the “elevator” 
of the tongue. 


MUSCLES SUPPLIED BY THE GLOSSOPHARYNGEAL AND VAGAL NERVES 


Musculus ceratohyoideus intermus. 


This muscle bears the same relation to the ceratobranchial I as does the 
subhyoideus to the ceratohyal. It arises from the posterior end of the cerato- 
branchial I and here too, the fibres enclose the cartilage in a muscular Ccapsule 
which is larger than that formed by the subhyoideus. According to Smith (1920) 
this muscular cup is not proliferated from the same mesoderm cells as the rest 
of the muscle and is, therefore, not strictly a part of the ceratohyoideus internus. 
The fibres forming a muscular cylinder encasing the cartilage run forward 
parallel with it. Further forwards where the posterior end of the ceratobranchial 
11 fuses with the first ceratobranchial, this cup surrounds boih the first and 
second ceratobranchials in the form of a cylinder as in Hynobius. Somewhat 
anterior to the point of fusion referred to, the cup opens medially and the fibres 
run approximately on the ventro-lateral side of both cartilages, although more 
ventral to the ceratokranchial I (figs. 3; 4, 5, 8 and '). 'The fipres are inserted 
on the ventral surface of the anterior part of the ceratohyal, thus formins a 
muscular link between the latter cartilage and the posterior end of the cerato- 
branchial I. 'The ceratohyoideus internus is the first and only surviving muscle 
of the musculi interarcuales ventrales recti group; and functions, according to 
Francis, in close co-operation with the musculus subhyoideus. As a result of tie 
contraction of the subhyoideus, the ceratohyal moves in an antero-dorsal direc- 
tion with its posterior end moving downwards and the anterior upwards. If the 
contraction of the ceratohyoideus internus follows upon that of the subhyoideus, 
the result will be that the branchial arches 1 and TI and the copula, together 
with the tongue, will be forced still further forwards. 'The combined result of 
the contraction of these two muscles will be the propulsion of the tongue through 
the mouth. 'The whole hyobranchial skeleton has thus to be moved for the 
propulsion of the tongue. 


MUSCLES SUPPLIED BY SPINAL NERVES 
Musculus geniohyoideus. 


According to Firbringer this muscle is derived from one of the three myo- 
tomes developing in front of the occipital arch in Necturus, Cryptobranchus and 
Ambystoma (Edgeworth, 1935). Tt is a longitudinal muscle originating from the 
anterior edge of the lower jaw (dentary), lateral to the origin of the genioglossus 
(figs. 3,4, 5, 6 and 7). Extending backwards, it is inserted in an inseriptio ten- 
dinea, and at its anterior end, it is intimately associated with the musculus genio- 
hyoideus. 

This muscle may depress the lower jaw, or the whole head (Francis, op. cit). 
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Figure 8 
he origin and relations of the pars lingualis museuli 
geniohyoidei (pars nova). 
PPLM.G, pedicdle of the pars lingualis museuli geniohyoidei. 


Other abbreviations as in previous figures. 


Pad 


'Transverse sections showing t 


Pars limngualis musculi geniohyoidei (pars no0va). 


Onychodactylus has a muscular entity not hitherto recorded in any other Uro- 
dele. Its main portion consists of a slip of the geniohyoideus, whereas some of its 
medial fibres arise independently, from the connective tissue ventral to the 
genioglossus (fig. BA and B). The former portion originates in front of the 
visceral skeleton as a medially facing protuberance from the dorsal side of the 
geniohyoideus. Further back this protuberance increases in size, gains in indi- 
viduality and all but loses its connection with the geniohyoideus (fig. 8B). 
Posteriorly, upon losing its connection with the geniohyoideus, the pedicle which 
in the anterior region connects this muscle with the geniohyoideus, becomes 
thicker. Its fibres, postero-laterally directed in contrast with the longitudinal 
ones of the muscle itself, also change to a longitudinal direction as the muscle 
and pedicle attain a more lateral position. 'The laftter, more or less a separate 
muscle “fasciculus”, now lies on the dorsal side of the subhyoideus to which it 
becomes closely attached by means of connective tissue (fig. 8C and D). 'The 
whole muscle is interspersed with and surrounded by connective tissue by means 
of which it is closely attached to the anterior part of the visceral skeleton i.e. 
the pars hypohyalis. Posteriorly, and still retaining its attachment to the pars 
hypohyalis and the ceratohyal, the muscle becomes thinner; the relationship 
between the pedicle and subhyoideus is broken and a close relationship is effected 
between the muscle and the pedicle, which is now 'duite thick (fig. 7. The 
muscle, now in the form of a thin slip, and the pedicle are attached to connective 
tissue lying between the geniohyoideus and the ceratohyoideus internus (figs. 
7 and 8d). In this region the pedicle and the muscle, lying in the same horisontal 
plane, merge imperceptibly into each other. Further back, it extends mesially 
to the line of attachment of the tongue to the floor of the buccal cavity, and 
from this region its fibres spread upwards around the iateral margin of the 
musculus sternohyoideus profundus (fig. 7). In the posterior part of the tongue 
the fibres extend mesially along the dorsal surface of the m. sternohyoideus pro- 
fundus to insert onto the connective tissue of the floor of the buccal cavity. 


Musculus genioglossus. 


Fiirbringer was of the opinion that the genioglossus is derived from the cora- 
comandibularis of the Selachit (Nishi, 1938). Edgeworth, however, maintains 
that, the genioglossus is proliferated from the anterior end of the geniohyoideus. 


This is a strong muscle with a fleshy origin from the mental symphysis and 
not easily distinguishable from the origin of the musculus geniohyoideus. At its 
origin, the muscle fills the whole space between the rami of the lowef jaw (ig. 
5). 'The medially situated fibres of each muscle run more or less parallel and 
are inserted on the root of the tongue and in a ligament connecting the tongue 
with the copula and with the insertion of the m. sternohyoideus profundus. The 
laterally situated fibres spread out and are inserted at the sides of the tongue. 


According to Francis (op. cit), several effects, depending on circumstances 
can be produced by the contraction of this muscle. If contraction takes place 
when the tongue is at rest, the latter would be drawn towards the front of the 
mouth, but if the tongue were fully extended (extruded), then contraction would 
retract it. Tts main function, however, seems to be the compression of the lingual 
glands, thus coating the tongue with a sticky mucus to which prey may adhere 
Fo ReAR would be effected by drawing the tongue towards the front of the 
mouth. 


` 


36 


Musculus sternohyoideus. 


This muscle is the direct forward continuation of the musculus rectus 
abdominis. According to Smith (op. cit), the fibres of the larval sternohyoideus 
degenerate during metamorphosis in Spelerpes and are replaced by new ones. 
It is not known whether this occurs in other genera. Like the m. rectus 
abdominis this muscle consists of a Superficial and a deep portion, 


Musculus sternohyoideus profundus. 


This muscle is derived from the musculus thoracico-hyoideus of the larva, 
according to Smith, who gives a good account of its transformation in Spelerpes. 
As it is the direct forward continuation of the musculus rectus abdominis profun- 
dus it is of course impossible to speak of its “origin”. It passes forwards in close 
apposition to the pericardium to whose wall some fibres are attached. In this 
region the muscle passes through a sort of “sleeve” of connective tissue, so 
that its contraction would not affect the surrounding structures. Anterior to 
the heart, the muscle passes ventral to the hypobranchial cartilage II and with 
its lateral edge dorsal to the hypobranchial cartilage I (Figs. 2 45 6 and!) 7. 
The two muscles enclose the copula cylindrically. Anteriorly they separate, 
and each is then inserted on the anterior end of the horn-shaped prolongation 
of the copula. 


The function of this muscle is to retract the togue or to depress the head, 
according to circumstances (Francis, op. cit). 


or 
Musculus sternohoideus superficialis. 


This muscle lies ventral to the musculus sternohyoideus profundus, dorsal 
to the m. geniohyoideus and, according to Francis (op. eit.), “it may be regarded 
as arising from the sternum and from the transverse inscription contiguous to 
it.” The muscle passes anteriorly on the ventral side of the pericardium, and 
has two insertions: its lateral portion is inserted on the angle formed by the 
hypobranchial cartilage I with the copula, while its medial fibres are attached 
to the “inscriptio tendinea”, that is, the tendinous inscription from which the 
geniohyoideus arises. Its medial fbres support the geniohyoideus, whereas its 
lateral flbres assist the sternohyoideus profundus in retracting the tongue. 


THE INVOLUNTARY NASAL MUSCLES 


According to Bruner (1901), the muscles instrumental in closing and opening 
the external nares of certain Salamanders (Salamandra, Plethodon, Desmog- 
nathus, Triturus, Ambystoma) are three in number: a constrictor naris, a 
dilatator naris and a dilatator naris accessorius. In certain other genera (Sala- 
mandrina, Spelerpes, Diemyctylus) only two muscles are found: a constrictor naris 
and a dilatator naris. Onmychodactylus too, falls under this group, having two 
muscles only. Bruner further showed that the function of these muscles in 
relation to the glandula nasalis externa is to force the secretion from the gland 
simultaneously with the closing of the nasal opening. He further showed 
that they arise “in situ” from the mesenchyme and are not derived from any other 


musclies. 
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Musculus constrictor naris. 


This muscle lies near the anterior edge of the fenestra narina and surrounds 
the posterior half of the narial opening semi-circularly. 'The medial insertion 
of this muscle is on the cartilago obligua, its lateral end inserting mainly on 
the septomaxillary and cartilago cupularis. Some fibres also insert among the 
fibres of the m. dilatator naris. According to Okajima (1909); this muscle in 
Onychodactylus is also attached to the prefrontal, but in the specimens inves- 
tigated by me n) such attachment could be found. In Triturus, according to 
Bruner, the lateral insertion is partly on the inner surface of the facial process 
of the maxillary and partly on the nasal capsule. 


Musculus dilatator naris. 


The fibres of this muscle are antero-medially directed. It arises from the 
postero-lateral border of the fenestra narina and is inserted, partly on the 
septomaxillary and partly on the lateral edge of the narial opening, dorsal to, 
and amongst the lateral fibres of the m. Constrictor naris. According to Okajima 
this muscle too is attached to the prefrontal, but again I am not able to corrobo- 
rate his findings. 


DISCUSSION 


One of the most interesting facts about the cranial muscles of Onycho- 
daciylus is the insertion of the pars principalis of the levator bulbi on the 
processus pterygoideus. With contraction of this muscle the tip of the processus 
pterygoideus would ke drawn downwards and inwards. According to Ryke (in 
press) the processus ascendens is synchondrotically connected with the dorsal 
part of the cartilaginous side-wall of the brain-case, and the processus oticus 
is confluent with the dorso-lateral part of the wall of the otic Capsule. 'The 
basal connection is effected by a diarthrosis between the processus basalis 
and the processus hbasitrabecularis. Since a diarthrotic basal connection in 
Amphibia is regarded by Versluijs as a primitive condition, its presence in OnY- 
Chodactylus might merely be indicative of its primitiveness, and might not have 
a bearing on the problem of streptostylism at all. The fact that the processus 
ascendens and the processus oticus are in synchondrotiec continuity with the 
neurocranium, would certainly restrict the movement of the pars guadrata, and 
might even preclude it altogether. In the latter case the action of the pars 
principalis of the levator bulbi might merely cause a bending of the processus 
pterygoideus. Similar conditions obtain in Hynobius. 


The muscles in Hynobius show a striking resemblance to those Of Onycho- 
dactylus. Although there are minor differences in the individual muscles with 


present in Hynobius, but with some minor variations. Detalis of the musculature, 
therefore provide further proof of the relationship between Onychodactylus and 
Hynobius. 


SUMMARY 


1, The attachment of the pars principalis of the levator bulbi to the proces- 
Sus pterygoideus may be of importance as it is usually assumed that the Urodele 
palatodguadrate is immovable. 
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2. The muscles of the adductor mandibulae group are well-developed and 
easily distinguishable from one another. 


3. The intermandibularis anterior is absent, and only a well-developed inter- 
mandibularis posterior, interhyoideus and constrictor colli (gularis) are repre- 
sented. 


4. 'The depressor mandibulae is a powerful, triangular muscle whose dorsal 
part is divided into two layers with different attachments. 


6. The subhyoideus, with a posterior origin from the ceratohyal and an 
anterior insertion on the aponeurosis of the musculus intermandibularis posterior, 
serves as an elevator of the tongue. 


6. The ceratohyoideus internus bears the same relation to ceratobranchial 
1 as does the subhyoideus to the ceratohyal. Its fibres are inserted on the ventral 
surface of the anterior part of the ceratohyal, and it functions in close co- 
operation with the musculus subhyoideus. 


1. The muscles supplied by the spinal nerves i.e. the geniohyoideus, genio- 
glossus and sternohyoideus, are well-developed; the latter is topographically as 
well as ontogenetically a direct forward continuation of the rectus abdominis. 

8. A muscle hitherto not recorded in other Urodeles is present; it is described 
in detail, and the designation pars lingualis musculi geniohyoidei is suggested, to 
express its continuity with and presumably its derivation from the “parent muscle”. 

9. Since the cephalic muscles have been investigated in a purely topo- 
graphic way, it was not considered that any useful purpose could be served by 
attempting any phylogenetie speculation regarding the primitiveness or the 
degree of neoteny expressed in the muscular pattern of Onychodactylus. 
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COMPLETE LIST OF ABBREVIATIONS 


AM.E. — adductor mandibulae ezternus 

A.M POST — adductor mandibulae posterior 

AP. —  aponeurosis 

C.CH. —  cartilago ceratohyalis 

OEOP: —  @artilago copula 

C.HBR.1. —  Gartiilago hypobranchialis 1 

OHBEF 2 —  cartilago hypobranchialis 2 

CL.W. —  cartilaginous lateral wall 

C.@UA. —  cartilago duadrati 

DENT. —— dentiary 

F.O. —  foramen opticum 

FRONT. N irontar 

GANG.5. — ganglion N.V 

GON. —l zonIal 

HA PIE GOP: —  hornshaped anterior prolongation of the cartilago copulae 
Tip P! —  levator bulbi principalis ; 
LB.S.L. —  levator bulbi sagittalis lateralis 
LB.S$.M. —  levator bulbi sagittalis medialis 

IE EL IG — levator bulbi transversalis " 

Le. —. lower jaw 

MC.C. — Meckels cartilage 

M.CH.IN. — musculus eeratohyoideus internus 
M.CON.C. — `musculus constrictor colli 
M.DEPR.MAND. — musculus depressor mandibulae 
M.GGL. — musculus genioglossus 

M.GHB. — mMmusculus geniohyoideus 

M.IH. — musculus interhyoideus 

MIM.P. — musculus intermandibularis posterior 
M.PST. — musculus pseudotemporalis 

M.PT. — musculus pterygoideus 

MR.B. — musculus retractor bulbi 

M.SH. — musculus subhyoideus 

M.SH.P. — musculus sternohyoideus profundus 
M.SH.S. — musculus sternohyoideus superficialis 
MO. — masdllamr 

PAP. —  Darietal 

P.LM.G. — pars lingualis museuli geniohyoidei 
P.P.LM.G. —  pedicle of the pars lingualis musculi geniohyoidei 
PPIP —  processus pterygoideus 

PROOT. —l prootie 

PRSPH. —  parasphenoid 

PT — . pterygoid 

@.JUG. — duadratojugal 

SE. —  Sduamosal 
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